This study considers a Waste Collection Vehicle Routing Problem where the situation happens when vehicle must make a complete trip to make disposal operation per day. The Waste Collection Vehicle Routing Problem objective is to decide the best solution where a vehicle should make the collection first between the customers since there exist larger number of customers. The method proposed to solve the Waste Collection Vehicle Routing Problem is by using Tabu Search Algorithm.
INTRODUCTION
The Vehicle Routing Problem or well known as VRP is one of the most studied combinatorial problems that is described as the problem of designing optimal delivery or collection routes from one or several depots to a number of geographically scattered cities or customers,subject to side constraints (Laporte,1991) . The objective of VRP is to route the vehicles which is one route per vehicle, starting and ending at the depot, so that all customers are supplied with their demands and the total travel distance is minimized. The VRP is important in the fields of physical distribution and logistics. The distribution of goods concerns the service, in a given time period, a set of customers by a set of vehicles, which are located in one or more depots, are operated by a set of drivers and performs their movements by using an appropriate road network.
The waste collection in vehicle routing problem (VRP) is due to disposal operations. Vehicles start or end their routes at the empty depot. Empty vehicles leave the depot and collect waste from customers and then emptying themselves at the waste disposal facilities before return to the depot empty. When a vehicle is full, it needs to go to the disposal facilities (transfer station). A vehicle must make a complete trip to make disposal operation per day. Problem arises when a large number of customers exist so that to decision must be made to decide the best solution where a vehicle should make the collection first between the customers before emptying at disposal facilities. The large number of customers makes the waste collection in VRP becomes complicated because of increasing number of possible solution (n!). If the number of customers is given by N which is large, therefore we have to solve N! of possible solution.
Heuristic algorithm is a procedure that is used to find a good feasible solution that is at least reasonably close to being optimal. The classical algorithm was first proposed by Clarke and Wright (1964) to solve CVRP.Another popularly known heuristic algorithm is tabu search (TS). The best solution at each iteration in the neighborhood of the current solution is selected as the new current solution, even if it leads to an increase in solution cost. It has been used in solving MDVRP with capacity and route length restrictions (Renaud et. al., 1996) . TS is used to solve the waste collection VRP problem and to obtain the ordering of the path that produces the shortest distance and the minimum cost. The simplest VRP which only involving only single depot, single disposal facility and the distance between the two customers is Euclidean. It can be calculated using the equation:
LITERATURE REVIEW
The basic Vehicle Routing Problem (VRP) is one of the most widely studied problems in combinatorial optimization. VRP has started over nearly 50 years ago by Dantzig and Ramser (1959) that introduced capacitated VRP (CVRP) by describing a real -world problem concerning dispatching gasoline delivery trucks between a bulk of terminal and large numbers of service stations. When the numbers of the service stations become larger, options of routes increase thus makes the finding an improved route to yield an optimal solution become more challenging. Therefore, the capacity of each truck is explicitly considered known as Capacitated VRP ( The related papers that dealing with the collecting waste during the past year will be briefly review as follow. Kulcar (1996) developed a methodology to illustrate how waste transportation costs can be minimizing in a case study of optimizing solid waste collection in Brussel. Eisenstein and Iyer (1997) a periodic problem by using dynamic programming to sequence disposal facility visits within a variable neighborhood search approach. They designed over a multi-day planning horizon so as to meet customer service requirements. Then, Benjamin and Beasley (2010) produced better quality solutions from Sahoo et. al., (2005) because they solved by using two metaheuristic algorithms which is tabu search and variable neighborhood search that are based around the neighbor sets. Fooladi et. al., (2013) used LINGO 0.9 software to solve a mixed integer nonlinear model in order to find the optimal route for garbage transport vehicles.
TABU SEARCH ALGORITHM
Glover (1986) introduced Tabu Search (TS) as a metaheuristic superimposed on another heuristic. Tabu generally means socially or culturally proscribed that forbidden to be used, mentioned or approached because of social or cultural rather than legal prohibitions. TS is a neighborhood search method to pursue Local Search whenever it encounters a local minimum by allowing nonimproving moves. TS always used to solve combinatorial optimization problems. It is one of the best methods used at finding solutions close to optimality in large combinatorial problems. Tabu Search algorithm this study:
Step 1 : Choose an initial solution, in S. Set * = and = 0.
Step 2 : Set = + 1 and generate a subset G* of solution in ( , ) such that either one of the Tabu condition is violated or at least one of the aspiration conditions holds.
Step 3 : Choose a best j in G* and set = .
Step 4 : If ( ) < ( * ) then set * = .
Step 5 : Update Tabu and Aspiration Conditions.
Step 6 : If a stopping condition is met, then stop.
Else, go to step 2.
The formulation of the VRP model as follow by let:
i. The total number of customers, , on the map is represented as n. ii.
The length between each customer, and is represented as , . iii.
For each link , is 1, if link , is part of the visit. Else is 0. iv.
The edges , = 0, indicates no distances between same customer, , . v.
The set of arcs of the graph is A.
Mathematical Modelling of Vehicle Routing Problem
Model for the problem P is known as the cost function:
(2)
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Subject to:
, ∊ , ∊ {0,1} , = 0,1,2, … ,
Equation (2) is the objective function which will minimize the total length. Equation (3) ensures that each customer is visited from only one other customer. Equation (4) ensures that each customer departs to only one other customer. Equation (5) ensures that each visit has no more than ( − 1) arcs in the set n. Equation (6) In solving VRP problem, factors such as the capacity of waste collection for the vehicle will not be considered as the vehicle is very big.
Experimental Tabu Search: Result
VRP is viewed as the Multi Travelling Salesman Problem (M-TSP). It is belong to the group of NP-hard problems because the time for solving the problem will increase exponentially with increased number of input n. in this paper, we consider small example of waste collection vehicle routing problem in this paper.
Let the coordinate of customer 1 is ( 1 , 1 )and coordinate of customer 2 is ( 2 , 2 ) . The Euclidean distance between two customers can be calculated by the equation (1) . The objective function in this problem is to minimize the cost function. The cost function of this VRP is the total sum of distance travelled. Then, cost function, C can be written as below:
where n = total number of the customers and = { 1 if customer and are connected 0 if customer and are not connected
The following Table 1 shows the list of coordinates for a depot and 5 customers.
The distance between Disposal Facility,0 and customer 1 by applying equation 1 is 45.54. By the same formula and calculations, the distance for all pair of customers are given in Table 2 below: A basic TS implementations namely the way the initial solution is generated, the moves, the tabu list size and the stopping criteria used in this study will be discussed. So, the elements of the TS approach are:
i. Initial trial solution: 0-1-2-3-4-5-0. ii.
Move: drop two arcs existing and add two new arcs.
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iii. Tabu List size, | | = 2. iv.
Tabu restriction, TAB(i,j) = | | TAB(i,j) denotes the tabu status of the ℎ attribute. This can be defined by TAB(i,j) = | |. (i,j) means we begin at node I and end at node j. Added arcs are choose randomly from the routes. After that, added arcs will be banned for the next two iterations. That means, we cannot drop these arcs for next two iterations. We will update the tabu status and tabu list size in every iteration. v.
Stopping criteria Stop after 3 iterations.
From the implementations of TS above, we get initial trial solution which is 0 : 0-1-2-3-4-5-0. The total distance is ( 0 ): 200.42 and the aspiration level, 0 is 200.42. Serve 0 as best move so far.Then find all the necessary move for 0 . After that, we compare all the total distance based on necessary move for 0 (refer on Table 3 ). Since we are looking for minimum solution, the trial solution we state as 1 =0-1-2-4-3-5-0 with a total distance of 193.25 is the best current solution. So that, the arcs (2,4) and (3,5) have been banned. That means arcs (2,4) and (3,5) cannot be drop for next two iterations. Table 4 ). Then, we repeat the same step for iteration 2 and 3 and get Table 5 and 6 as below: TAB(4,5)=1 193.25 TAB(3,0)=1 TAB(2,3)=2 TAB(4,0)=2 Therefore, we note that our aspiration level is still 193.25, so that route 0-1-2-4-3-5-0 is accepted as the optimal solution for this problem.
CONCLUSION
As a conclusion, tabu search algorithm is used to solve small example of vehicle routing problem involving 5 customers and a disposal facility which also known as depot. Every iteration consist of 5 steps that to be fulfilled in order to find the minimum cost function based on |65| minimum total distanced travelled by the vehicles. The tabu search approach finally give the result that route 0-1-2-4-3-5-0 is accepted as the optimal solution for this problem. This means that minimum cost function which is 193.25 can be obtained when vehicles collecting waste collection start from disposal facility then go to customer 1, customer 2, customer 4, customer 3 and customer 5 before going back to the disposal facility again. To further research, we solve the waste collection vehicle routing problem for larger data set.
